A surface passivation technique has been developed for AlGaN/AlN/GaN high electron mobility transistors (HEMTs) by simple thermal evaporation of silicon monoxide (SiO) at room temperature. Detailed device characteristics were studied and compared with the most commonly used SiN x passivation grown by plasma enhanced chemical vapor deposition at elevated temperatures. Both passivation techniques lead to similar enhancement in on-state drain current and transconductance as compared with the unpassivated HEMTs. However, we discovered that the gate leakage current in SiO passivated devices was more than two orders of magnitude lower than the devices passivated by SiN x . Furthermore, while SiN x passivated HEMTs exhibited a two orders of magnitude increase in off-state drain current, SiO passivation substantially reduced it, resulting in an overall improvement by a factor of 1429.
The extent of device surface damage caused by passivation was also investigated by characterizing other parameters. The subthreshold slope of SiO passivated HEMTs was 95 mV·dec -1 , nearly 5 times better than SiN x passivated devices. The extracted interface trap density was 1.16×10 12 cm -2 eV -1 , about ten times lower than that in SiN x passivated HEMTs.
Moreover, SiO passivation was found to enhance the gate Schottky barrier height by 60 meV whereas SiN x passivation reduced it, which could partially explain the differences in gate leakage current. Finally, SiO passivation enabled twice high breakdown voltage than SiN x passivation. The relevant physical mechanisms were discussed.
reducing surface state densities 6 . In recent years, the passivation effects of different Openings of contact pads were made by ICP etching to enable on-wafer measurements. The schematic cross-section of our device is shown in Fig. 1(a) . The dimensions of the devices used in this study are as follows: L g /L sd /L gd /W g = 2/13/6/100 μm. The DC characteristics of the HEMTs were measured using a Keysight (Agilent) B2902A Precision Source/Measure
Unit at room temperature. RF characteristics of the devices were examined by S-parameter measurements using a Keysight (Agilent) N5247A PNA Vector Network Analyzer at room temperature. The n s and μ n measured before and after passivation at room temperature are shown in Table I , which summarizes the main measurement results of our study. The n s of the unpassivated sample is 1.05×10 13 cm -2 , which increases to 1.25×10 13 SiO and SiN x , respectively, possibly due to the enhanced Coulomb scattering in the 2-DEG channel with a higher electron sheet concentration. As a whole, a larger product of n s ·μ n in the conducting channel for passivated HEMTs relative to the unpassivated HEMTs has been obtained, indicating better electron conduction characteristics for the passivated HEMTs. Table I ). The I Dmax of the devices without passivation is 309 mA·mm -1 and increases to 369 and 385 mA·mm -1 after passivated with SiO and SiN x , respectively, as shown in Fig.   1(b) , which corresponds well to the larger product of n s ·μ n in the 2-DEG channel of the Table I The gate leakage current (I g ) characteristics of the passivated and unpassivated AlGaN/AlN/GaN HEMTs are plotted in Fig. 2(b) . During the measurements of gate leakage current, the source was shorted to the drain. Similar with I off , compared to the unpassivated HEMTs, an increase of about one order of magnitude in the I g is observed after SiN x passivation. In contrast, the I g decreases by an order of magnitude for SiO passivated HEMTs (Table I) . From the forward gate leakage current characteristics, the Schottky barrier height (Φ B ) and ideality factor (n) are extracted using the standard thermionic emission (TE) theory HEMTs (see Table I ). The higher V b for SiO passivated HEMTs is in agreement with the lower I g and I off values. observed after passivated with SiO and SiN x , respectively (see Table I ). This is the only study available on the effect of SiO passivation on RF characteristics of GaN-based HEMTs until now. On the other hand, previous reports on the effect of SiN x passivation on RF characteristics of GaN-based HEMTs are controversial. An increase as well as a decrease of f T were both observed after SiN x passivation 23, 26 . Since f T can be expressed by
where C GD is the parasitic gate-drain capacitance, and C GS is the parasitic gate-source capacitance. Increase of f T for SiO passivated and SiN x passivated HEMTs is attributed to the increased g m and decreased overall capacitance of C GD and C GS . These results are associated with the different passivation materials and deposition methods.
In conclusion, we have investigated the surface passivation effects of the thermally 
